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Introduction
Myocardial ischemia is a common clinical issue. Myocardial damage and cell necrosis will occur after persistent ischemia. Early reperfusion therapy can reduce the injury of myocardial ischemia, but also induce reperfusion injury, such as the decrease of ventricular systolic function, the decrease of myocardial antioxidant capacity, the increase of infarct size, and arrhythmia (Schulze et al. 2003) .
Naringenin (Nari) is a kind of flavanone deriving from dry outer layer of immature or nearly mature Rutaceae grapefruit. A great number of researches have proved that Nari has broad spectrum of biological effects, such as hypolipidemic,
anti-oxidation, anti-bacterial, anti-inflammation, anti-tumor, and anti-atherosclerosis.
It was reported that Nari has protective effect on diabetes, staphylococcus pneumonia and ischemic cranial nerves injury, which might related to the antioxidation, anti-apoptosis and anti-inflammation of Nari (Dou et al. 2013; Kannappan and Anuradha 2010; Lou et al. 2012; Rahigude et al. 2012; Tsai et al. 2012; Yoshida et al. 2013; Zhang et al. 2013) . Recently, one study showed that Nari exerts anti-ischemic effects on rat heart which is likely to be mediated by the activation of mitochondrial BK channels (Testai et al. 2013) . And another study reported that Nari attenuated pressure overload-induced cardiac hypertrophy (Zhang et al. 2015) . However，the mechanism of Nari protection on heart against I/R injury is far from clear.
ATP-sensitive potassium channels located in the sarcolemma (sarcoK ATP ) and mitochondria (mitoK ATP ) of cardiac myocytes are important regulators of cardiac function and play crucial roles in cardiac protection of ischemia pre-conditioning (IPC). Potassium channel openers can mimic the cardio-protection and the K ATP channel blocker can abolish the effect of IPC (Andersen et al. 2012; Powers et al. 2014 ). However, the link between Nari and K ATP channel in myocardial I/R injury D r a f t remains unclear. Therefore, it is intriguing to determine whether K ATP channel is involved in the cardioprotection of Nari. The aim of the present study was to investigate the protective effect of Nari on heart against I/R injury and the role of K ATP channel in Nari effect by using Langendorff technique in rat.
Materials and methods

Animal and reagents
Fifty-four adult male Sprague-Dawley rats weighing 280~320 g were provided by
the Experimental Animal Center of Hebei Province, China. All animal experiments were conducted in compliance with the Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) .
Nari, glibenclamide (GLI), 5-hydroxydecanoate (5-HD) were purchased from Sigma, USA. LDH kit, TTC reagents, superoxide dismutase (SOD) and and malondialdehyde (MDA) kits were purchased from Nanjing Jiancheng Bioengineering Institute, China.
Langendorff and cardiac function recording
Rats were anesthetized with sodium pentobarbital (50 mg/kg, ip), and the hearts were quickly excised and mounted on a Langendorff apparatus via the aorta for retrograde perfusion with Krebs-Henseleit (K-H) solution at constant pressure (10 kPa and coronary flow (CF) were monitored with the PowerLab system (AD Instruments Ltd., Australia).
Animal group and experimental protocols
Rats were randomly divided into four groups: (1) 
Measurement of infarct area
At the end of the Langendorff experiment, the heart was quickly removed and the ventricles were cut into 5 slices along the atrioventricular groove from the base to apex of heart. The slices were placed in 10% (wt/vol) TTC solution and incubated for 15 min at 37℃ in the dark. Then the reaction was quenched with distilled water and the slices were fixed for 2 hours in formalin. The pictures were taken with a digital camera and analyzed with a computer running image analysis system (MoticMed 6.0 Xiamen). The infarct area was expressed as the percentage of infarct area in ventricular area.
Statistical analysis
All data were expressed as mean ± SD. Analysis of variances (ANOVA) followed by a Dunnett's post hoc test were used to compare the data among multiple groups.
D r a f t
The paired t test was used for data within the same group. The P<0.05 was considered significant.
Results
Protective effect of Nari on I/R rat heart Effect of Nari on cardiac function There were no significant differences of functional parameters of heart between CON and NARI groups under basic non-ischemic conditions (P>0.05). During I/R，the LVDP, LVdP/dt max ， -LVdP/dt max and CF were decreased, while LVEDP was increased significantly, but the change of the parameters was smaller in NARI group (10 µmol/L) than those in CON group.
The recovery of cardiac function from I/R was improved in NARI group compared to CON group (P<0.05-0.01, Fig.1 ).
After 60 min reperfusion, LVDP，LVdP/dt max , -LVdP/dt max and CF were higher, while LVEDP was lower at 2.5, 5, 10, 20 and 40µmol/L Nari in NARI group than those in CON group (P<0.05-0.01, Fig.2 ). Effect of Nari on infarct size After 120 min reperfusion, myocardial infarct size was lower at 2.5, 5, 10, 20 and 40 µmol/L Nari than that in CON group (P<0.05-0.01, Fig.3 ).
Effect of Nari on LDH in coronary effluent
All results suggest that Nari has a cardiac protection against I/R injury in a D r a f t concentration manner.
Effect of Nari on the SOD activity and MDA content
After I/R, myocardial SOD activity was higher at 2.5, 5, 10, 20 and 40 µmol/L Nari than that in CON group (P<0.05-0.01, Fig.4 ). MDA content was lower at 2.5, 5, 10, 20 and 40 µmol/L Nari than that in CON group (P<0.05-0.01, Fig.4) . The results suggest that Nari increases the antioxidation of the hearts.
Influence of GLI and 5-HD on the cardioprotection of Nari
The enhanced recovery of cardiac function, reduced infarct area，decreased LDH and MDA，and increased SOD by 10 µmol/L Nari were reversed totally by GLI, the non-specific K ATP channels antagonist, and 5-HD, the selective mitochondria K ATP antagonist (P<0.05-0.01, Fig.5, Fig.6 , and Fig.7 ). These data suggest that the cardioprotective effect of Nari (10 µmol/L) is carried out through activation of ATP-sensitive channels in cardiomyocytes.
Discussion
This study investigated the cardioprotective effect of Nari against I/R injury and the mechanism underlying Nari cardioprotection in rats. The results showed that Nari has a protective effect on rat heart, promoting the recovery of cardiac function from I/R, increasing coronary blood flow after reperfusion, decreasing LDH in coronary effluent, and reducing myocardial infarct area. In addition，Nari increased myocardial SOD activity and decreased MDA content after I/R, which means Nari enhances myocardial antioxidation capacity. The cardioprotective effect of Nari was abolished D r a f t by glibenclamide, a non-specific ATP-sensitive potassium channel antagonist, and 5-hydroxydecanoate, a specific mitochondrial membrane ATP-sensitive potassium channel antagonist, suggesting the activation of ATP-sensitive potassium channels in the cell membrane and mitochondrial membrane are related to the cardioprotective effect of Nari.
Oxygen radicals produced during I/R are important factors for myocardial injury Bu et al. 2015) . In this study, the cardioprotective effects of Nari was canceled by non-specific K ATP blocker Gli and specific mitoK ATP blocker 5-HD, which suggests Nari protects heart against I/R injury through opening of K ATP , especially mitoK ATP .
On the whole, this study demonstrated the cardioprotective effect of Nari against I/R injury through activation of K ATP channels for the first time. The study provided new data and experimental basis for further study of Nari cardioprotection, which may has potential value for the clinical application of Nari. NARI-5HD group；Data were expressed as mean ± SD, n = 6 for each group, **p<0.01 vs CON, ##p<0.01 vs NARI. 
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